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Global EFT fits in top physics
Current Status
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arXiv:1802.07237

Baseline flavour scenario singles out the 3rd generation

Bounds vary between operators  
ttZ ones and 4-heavy ones loosely constrained

Hartland, Maltoni, Nocera, Rojo, Slade, EV and Zhang, arXiv:1901.05965 (SMEFiT analysis)
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Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, EV and Zhang arXiv:2105.00006

Category Processes ndat

Top quark production

tt̄ (inclusive) 94
tt̄Z, tt̄W 14

single top (inclusive) 27
tZ, tW 9

tt̄tt̄, tt̄bb̄ 6
Total 150

Higgs production
Run I signal strengths 22

and decay
Run II signal strengths 40

Run II, di�erential distributions & STXS 35
Total 97

Diboson production
LEP-2 40
LHC 30
Total 70

Baseline dataset Total 317

Table 3.8. The number of data points ndat in our baseline dataset for each of the categories of
processes considered here.

In Table 3.10 we display from top to bottom the coe�cients associated to the two-light-
two-heavy, four-heavy, four-lepton, two-fermion plus bosonic, and purely bosonic dimension-
six operators. The Higgs measurements are separated between the Run I and Run II datasets,
and in the latter case also between signal strengths and di�erential distributions and STXS.
A check mark outside (inside) brackets indicates that a given process constrains the corre-
sponding coe�cients starting at O(�≠2) (O(�≠4)). Entries labelled with (b) indicate that
the sensitivity to the associated coe�cients enters via bottom-initiated processes, which arise
due to contributions from the b-PDF in the 5FNS adopted here.

Several observations can be drawn from this table. First of all, we observe that the
four-heavy coe�cients are constrained only by the tt̄QQ̄ production data, either tt̄tt̄ or tt̄bb̄.
Such measurements also depend on the 2-light-2-heavy operators, as well as on ctG, although
in practice this correlation is small. Furthermore, due to symmetry-induced cancellations,
the four-heavy coe�cients are essentially left undetermined at O

!
�≠2"

, and can only be
meaningfully constrained only the quadratic corrections are accounted for. One can also note
how the two-light-two-heavy operators are constrained by top-quark pair production (inclusive
and in association with vector bosons) as well as by the Higgs production measurements. As
will be shown below, by far the dominant constraints on these coe�cients arise from the
di�erential distributions in inclusive top quark pair production.

Concerning the two-fermion operators, most of them are constrained both by top and
by Higgs production process. Recall that the top and Higgs sectors are connected, among
others, by means of the gluon-fusion production process (with its virtual top-quark loop) as
well as by tt̄h associated production. In particular, we note that ctÏ, which modifies the
top Yukawa coupling, is constrained by these Higgs production measurements. The purely
bosonic operators exhibit sensitivity only to Higgs and diboson processes, since these do not

27

Brivio, Bruggisser, Maltoni, Moutafis, Plehn, EV, Westhoff, Zhang arXiv:1910.03606 (SFitter analysis)

Current LHC fits
~30 coefficients 

LHC Top WG recommendation
Top quark production


parton level
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Top-quark 4-fermion operators 
How to deal with them?
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• Lots of them: Baseline CP-even scenario has 25


1. 4quarks: we need lots of different observables
𝒪8

QQ = (Q̄γμTAQ)(Q̄γμTAQ)

𝒪1
QQ = (Q̄γμQ)(Q̄γμQ)

𝒪8
Qt = (Q̄γμTAQ)(t̄γμTAt)

𝒪1
Qt = (Q̄γμQ)(t̄γμt)

𝒪1
tt = (t̄γμt)(t̄γμt) tt

t t

3. Some are particularly tough:              
4-heavy operators (4tops & ttbb) - 
indirect (one-loop) constraints?

4. Non-interfering operators: leading constraints from 
dim6^2. Is there a way to avoid that?

Also at e+e- Banelli et al arXiv:2010.05915 

Degrande, Durieux, Maltoni, Mimasu, EV, Zhang arXiv:2008.117432. 2tops-2leptons not included in global fits:                             
ILC: Durieux et al arXiv:1907.10619                                        

LHC: CMS-PAS-TOP-19-001 

Brivio et al arXiv:1910.03606

https://arxiv.org/abs/2010.05915
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Unavoidable Higgs-top connection
Operators connecting Higgs and top
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Figure 8. Constraints on the indicated pairs of operator coefficients at the 95% confidence level,
setting the other operator coefficients to zero. The shaded regions correspond to linear fits to Higgs
signal strengths and 0 jet STXS bins (blue), tt̄H signal strengths (mauve), � 1 jet STXS bins
(orange) tt̄ data (green), tt̄V data (red) and their combination (grey). The dashed ellipses show the
constraints obtained by marginalising over the remaining Wilson coefficients of the full fit.

6.3.2 Sensitivities in ‘Higgs-only’ operator planes

In order to assess the potential impact of the interplay between top and Higgs data, we
may consider the following subset of ‘Higgs-only’ operators:

{CH⇤, CHG, CHW , CHB, CtH , CbH , C⌧H , CµH} (6.1)

together with CG and CtG, which do not modify Higgs interactions directly but can impact
gluon fusion. Performing a fit to this subset, Fig. 7 displays the result for the 95% CL
constraints when top data are combined with Higgs data in planes showing different pairs
of the operator coefficients CHG, CtG, CtH and CG, marginalised over the other coefficients
in (6.1). This is the relevant set of operators in which the interplay between Higgs and top
physics is most evident, taking place in the gluon fusion and tt̄ associated Higgs production
processes. It is well known that there is a degeneracy in gluon fusion between CHG and
CtH that prevents it from being used as a robust indirect constraint on the top Yukawa

– 31 –

Figure 8. Constraints on the indicated pairs of operator coefficients at the 95% confidence level,
setting the other operator coefficients to zero. The shaded regions correspond to linear fits to Higgs
signal strengths and 0 jet STXS bins (blue), tt̄H signal strengths (mauve), � 1 jet STXS bins
(orange) tt̄ data (green), tt̄V data (red) and their combination (grey). The dashed ellipses show the
constraints obtained by marginalising over the remaining Wilson coefficients of the full fit.

6.3.2 Sensitivities in ‘Higgs-only’ operator planes

In order to assess the potential impact of the interplay between top and Higgs data, we
may consider the following subset of ‘Higgs-only’ operators:

{CH⇤, CHG, CHW , CHB, CtH , CbH , C⌧H , CµH} (6.1)

together with CG and CtG, which do not modify Higgs interactions directly but can impact
gluon fusion. Performing a fit to this subset, Fig. 7 displays the result for the 95% CL
constraints when top data are combined with Higgs data in planes showing different pairs
of the operator coefficients CHG, CtG, CtH and CG, marginalised over the other coefficients
in (6.1). This is the relevant set of operators in which the interplay between Higgs and top
physics is most evident, taking place in the gluon fusion and tt̄ associated Higgs production
processes. It is well known that there is a degeneracy in gluon fusion between CHG and
CtH that prevents it from being used as a robust indirect constraint on the top Yukawa

– 31 –

Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.02779
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Table 2.2. Same as Table 2.1 for the operators containing two fermion fields, either quarks or leptons,
as well as the four-lepton operator O¸¸. The flavor index i runs from 1 to 3. The coe�cients indicated
with (*) in the second column do not correspond to physical degrees of freedom in the fit, but are
rather replaced by c(≠)

Ïqi , c(≠)
ÏQi

, and ctZ defined in Table 2.3.
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Table 2.2. Same as Table 2.1 for the operators containing two fermion fields, either quarks or leptons,
as well as the four-lepton operator O¸¸. The flavor index i runs from 1 to 3. The coe�cients indicated
with (*) in the second column do not correspond to physical degrees of freedom in the fit, but are
rather replaced by c(≠)
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Table 2.1. Purely bosonic dimension-six operators that modify the production and decay of Higgs
bosons and the interactions of the electroweak gauge bosons. For each operator, we indicate its
definition in terms of the SM fields, and the notational conventions that will be used both for the
operator and for the Wilson coe�cient. The operators OÏW B and OÏD are severely constrained by
the EWPOs together with several of the two-fermion operators from Table 2.2.

OÏW and OÏB modify the interaction between Higgs bosons and electroweak gauge bosons.
At the LHC, they can be probed for example by means of the Higgs decays into weak vector
bosons, h æ ZZú and h æ W +W ≠, as well as in the vector-boson-fusion (VBF) process and
in associated production with vector bosons, hW and hZ. In addition, the OÏG operator is
similar but introduces a direct coupling between the Higgs boson and gluons. It therefore
enters the Higgs total width and branching ratios, the production cross section in gluon fusion
channel, as well as the associated production channel tt̄h. Finally, the OÏd operator generates
a wavefunction correction to the Higgs boson, which rescales all the Higgs boson couplings in
a universal manner.

Two-fermion operators. Table 2.2 collects, using the same format as in Table 2.1, the
relevant Warsaw-basis operators that contain two fermion fields, either quarks or leptons,
plus a single four-lepton operator. From top to bottom, we list the two-fermion operators
involving 3rd generation quarks, those involving 1st and 2nd generation quarks, and operators
containing two leptonic fields (of any generation). We also include in this list the four-lepton
operator O¸¸.

The operators that involve a top-quark field, either Q (left-handed doublet) or t (right-
handed singlet), are crucial for the interpretation of LHC top-quark measurements. Inter-
estingly, all of them involve at least one Higgs-boson field, which introduces an interplay
between the top and Higgs sectors of the SMEFT. For example, the chromo-magnetic dipole
operator OtG and the dimension-six Yukawa operator OtÏ are constrained by both top quark
measurements, such as tt̄h associated production, as well as Higgs measurements, such as
Higgs production through gluon fusion. Furthermore, the electroweak-dipole operators, OtW
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(lower panels) comparing the results of the LO EFT fit (left) with its NLO counterpart (right panels)

5.5 The top-philic scenario
To conclude this section, we present results for a global EFT fit carried out in the top-philic
scenario defined in Sect. 2.2. In this scenario, we have the 9 equations of Eq. (2.10) that
relate a subset of the 14 two-heavy-two-light coe�cients listed in Table 2.5 among them,
leaving 5 independent parameters to be constrained in the fit. Given the more constraining
assumptions associated to the top-philic scenario, one expects to find an improvement in the
bounds of the two-light-two-heavy EFT operators due to the fact that the parameter space
is being restricted by theoretical considerations, rather than by data in this case.

The values of the ‰2 for each group of datasets in the top-philic scenario were reported
in Table 5.6, where we see that the fit quality is very similar to the fit with the baseline
settings. Fig. 5.17 then displays the 95% CL intervals for the EFT coe�cients comparing the
global fit results with those of the top-philic scenario. The only operators that are a�ected
in a significant manner turn out to be the two-light-two-heavy operators, with the bounds in
several of them such as c1

td
, c1,1

Qq
, and c1

tq improving by almost an order of magnitude. The fact

70

Ethier et al arXiv:2105.00006

Future colliders below tt/ttH threshold only source of info on top is this kind of loops


e.g CEPC Durieux, Gu, EV, Zhang arXiv:1809.03520 
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Top-Higgs interplay
Global fits in the top+Higgs sector

5

cQ
Q

1

cQ
Q

8

cQ
t1

cQ
t8

ct
t1

c8
1
q
q

c1
1
q
q

c8
3
q
q

c1
3
q
q

c8
q
t

c1
q
t

c8
u
t

c1
u
t

c8
q
u

c1
q
u

c8
d
t

c1
d
t

c8
q
d

c1
q
d

ct
p

ct
G

cb
p

cc
p

ct
a
p

ct
W ct
Z

cp
l1

c3
p
l1

cp
l2

c3
p
l2

cp
l3

c3
p
l3

cp
e

cp
m

u

cp
ta

c3
p
q

c3
p
Q

3

cp
q
M

i

cp
Q

M

cp
u
i

cp
d
i

cp
t

cp
G

cp
B

cp
W

cp
W

B

cp
d

cp
D

cW
W

W

10−3

10−2

10−1

100

101

102

103

M
ag
n
it
u
d
e
of

95
%

C
on

fi
d
en
ce

L
ev
el
B
ou

n
d
s
(1
/T

eV
2
)

Top− only, Quadratic NLO EFT

Top + Higgs + VV, Quadratic NLO EFT

2

Ethier, Maltoni, Mantani, Nocera, Rojo, Slade, EV and Zhang arXiv:2105.00006

Higgs data improves certain top operator bounds

~50 coefficients under U(2)q ×U(2)u × U(3)d 

LHC: Need Higgs, top, diboson and EWPO
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Figure 6. Global-fit results for the ILC250+ILC500 scenario. The upper panel presents the

result in terms of the precision on the physical Higgs couplings. The lower panel presents the

1� bounds on the operator coe�cients, renormalized at Q0 = 1 TeVwith a suppression scale

v. In both panels, the first column corresponds to a 22-parameter fit without top operators,

that is used as a reference throughout the paper. The second column presents the result that

is obtained when the basis is extended with the seven top operator coe�cients described in

Section 3.2. In the third column, LHC run 2 top data are added. In the fourth column, ILC

top measurements at
p
s = 500 GeV are added. In the bottom panel, white marks are results

with only one operator. Results are tabulated in Table 13 and 14.

– 26 –

Jung, Lee, Perello, Tian, Vos arXiv:2006.14631

Future colliders: 29 parameters (no 4F) 

 

Adding top: 

• Need HL-LHC to restore precision in Higgs

• Need above the threshold runs at ILC to precisely 

determine all 

Can we envision a really global but constraining fit?



Eleni Vryonidou Snowmass restart 30/8

RGE effects
Can they matter?

6

• Processes with different scales involved:


• single top, top pair, 4 tops


• Distributions for top pairs reaching ~2TeV


• Running typically ignored in global fits


• How do the coefficients change within 
typical scale ranges and can this affect the 
fit? cr

os
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Aoude, Maltoni, Mattelaer, EV in preparation
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Global EFT fits in top physics
Future directions (1)

7

Improving LHC top fits: 

• Additional/more sensitive top observables: going beyond parton level, spin correlations, 

production+decay

• 2quark-2lepton operators in global fits (by off-shell ttll measurements)

• CP-violation & different flavour assumptions 

• RGE effects

• Systematic exploration of 1-loop effects (NLO QCD/EW)

• Systematic study of EFT uncertainties (higher order terms in 1/Λ)

• EFT in backgrounds, when do we have to worry? } Part of LHC EFT WG 

discussion (see also G. 
Durieux’s talk)



Eleni Vryonidou Snowmass restart 30/8

Global EFT fits in top physics
Future directions (2)

8

Future colliders:

• Unlike the Higgs and EW sectors, limited work on HL-LHC, FCC-hh projections for top 

operators, need for global analyses

• Truly global fits for future colliders as typically only subsets of operators considered

• Combination of top+Higgs for future colliders, including 1-loop effects 

• Systematic comparison prospects of different future colliders (ILC, FCC-ee, CEPC and 

different energies), using a common setup and common set of operators


